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O@cfivfs. The aim of this study was to investigate left ventric- 
ular function in subjects with “white coat” hypertension, defined 
as office arterial diastolic pressure HO and ambulatory daytime 
pressures C14OBl mm Hg. 
l3ac&gmrmd. The white coat arterial pressure response may, by 
influencing left ventricular function, have a confounding effect in 
studies of heart disease. 
h&ho& Two-dimensional and Doppler echocardiography, 
combined with the calibrated subclavian arterial pulse tracing, 
were used to assess variables of IelI ventricular function in 26 
subjects with white coat hypertension, as well as 22 subjexts with 
previously untreated ambulatory hypertension (office arterial 
diastolic pressure rHl and Cl15 mm Hg and ambulatory daytime 
diastolic pressure 290 mm Hg) and 32 nonnotensive subjects. 
Resufts. In subjects witb white coat hypertension, systolic 
arterial pressure during the echocardiigraphic examination was 
Subjects who have an exaggerated arterial pressure response in 
the ~hysician’s office but ~&mal average 24-h arterial pressures 
are considered to have “white coat” hypertension (1). The 
prognosis in this condition, determined by assessment of end- 
organ damage, appears to be benign (2-d). However, even 
though the degree of end-organ damage is low, there are features 
that may indicate a need for careful medical surveillance of such 
subjects (5). Moreover, such subjects, who may represent 20% to 
60% of a hypertensive population (1,5), may be. considered as 
confounders in studies of heart disease as well as in clinical 
practice. 
Information about left ventricular dysfunction is important 
because it may be a sensitive indicator of hypertensive heart 
disease (6-8). There are few reports (2,9) on left ventricula; 
diastolic and systolic function in subjects with white coat hypcr- 
tension. 
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significantly higher than ambulatory daytime systolic pressure. 
This pressure response was positively related to the ratio of the 
systolic to diastolic pulmonary venous flow peak velocities and to 
the peak velocity of flow reversion during atria1 systole; it was 
inversely related to the ratio of early to late mitral flow peak 
velocities. Left ventricular stroke volume, ejection fraction and 
velocity of circumfereotial fiber shortening did not differ in the 
study groups, but lefl ventricular external work and end-systolic 
wall stress were increased in the white coat group. 
Conclusions. The arterial pressure response in subjects with 
white coat hypertension is associated with increased left ventric- 
ular external work, increased end-systolic wall stress and alter- 
ations of left ventricular filling but normal ejection fraction and 
velocity of circumferential fiber shortening. 
(J Am Coil Cardiol1996;28:190-6) 
The purpose of this study was to investigate left ventricular 
systolic and diastolic function assessed with two-dimensional 
and Doppler echocardiography in subjects with evidence of 
white coat hypertension and to compare the findings with those 
in subjects with untreated ambulatory hypertension and nor- 
motensive subjects. We recruited for this study subjects who, 
although evaluated as having hypertension by the general 
practitioner (physician arterial pressures), had “normal” am- 
bulatoq daytime arterial pressures (10). However, arterial 
blood pressures in these subjects were also measured by a 
nurse according to a standardized procedure on admission to 
the ward for hypertension in our hospital (clinic arterial 
pressures) and during the echocardiographic examination (os- 
cillometric arterial pressures). 
Methods 
Study subjects. The study comprised three groups that did 
not differ significantly in age, gender and body surface area 
(Table 1). The white coat hypertensive group consisted of 26 
previously untreated subjects with diastolic pressuure in the gen- 
eral practitioner’s otfce (office arterial pressure) ~90 mm Hg and 
ambulatory daytime pressure <MO/90 mm Hg (Table 1). The 
main reasons for referral to the special ward for hypertension in 
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Table I. Group Characteristics 
Men* amen 19:13 14il2 13/y 0.9 
Age01 4ut1 466+ 13 48x7 0.x 
Body I &cc area (m’) 1.s4lr0.20 I.90 f 0.18 1.95 I 0.17 0.6 
I+ wes (mm Hg) 
o%ice SP 159 2 14 159 2 17 0.9 
DfkeDP 9825 105?5 OMlOl 
Clinic SP llRIl3 143 2 19’ I41 II? O.Wl 
Ciink DP 7756 89ZR’ 96 t 6’t lJ.@mI 
Amb 24-h SP 122+7 I42 c I3 0.ooOl 
Amb 24-h DP 7926 97 + 7 MK01 
Amh daytime SP 12-l?? 145 ” 14 U.MoI 
Amb daytime DP 83 2 5 WI8 o.ml1 
*p < 0.05 wxus normotensive group. tp < O.OS versus white coat hyper- 
tensivc group. Data presented are mean value -t SD. Amb = amhulatoy DP = 
diasmlic arterial pressure; SP = systolic arterial pressure. 
our hospital were a tendency to blood pressure variability. in- 
creased heart rate associated with measurement of arterial pres- 
sure, young age or because the patient or his physician wanted a 
more thorough evaluation before initiation of medical therapy. 
Subjects who fulfilled the inclusion criteria were consecutively 
referred for echocardiogmphic evaluation for inclusion in the 
study. Five of the referred subjects were excluded: one with 
vaivular heart disease, two with a poor echocardiographic window 
and two who had used antihypertensive medication. 
The group with ambulatory hypertension (ambulatory by- 
petiensive group) consisted of 22 previously untreated subjects 
with office diastolic pressure ~90 and <Il.5 mm Hg and 
ambulatory daytime diastolic pressure ~90 mm Hg. These 
subjects were recruited from general practitioners, who had 
referred 24 subjects with previously untreated ambulatory 
hypertension for echocardiography; 2 were excluded because 
ok inappropriate echocardiographic window. 
The normotensive group consisted of 32 subjects with dia- 
stolic pressure ~90 mm Hg measured by a nurse in the clinic. 
This pressure was determined in accordance with the require- 
ments for the clinic arterial pressure as described later, but was 
performed on 1 day only. The subjects were randomly selectee 
from healthy employees in the hospital and matched for age 
and gender with the hypertensive control group. 
EXC~:S&I criteria for ail groups were evidence of coronary 
heart disease, heart failure, vatvular heart disease, atrial fibril- 
lation, chronic obstructive pulmonary disease, secondary hy- 
pertension, other major diseases or use of drugs and inappro- 
priate echocardiographic window. 
All subjects gave written informed consent for the investi- 
gation, which was approved by the regional ethical committee. 
Arterial blood pmsure measarements. Ofice arteriul pres- 
sures were measurements of brachiai artery pressurL5 obtained 
by the physician, in the general practitioner’s oflice. The 
requirements for recording and analysis of these pressures 
were in aocordance with the guidelines from The Norwegian 
College of General Practitioners (11). If several pressures were 
presented on admisclon to the ciinic, an average of these was 
calculated. 
Clinic arletil pressures were measured in the clinic by an 
experienced nurse using a mercury sphygmomanometer. Ko- 
rotkoff phase V was used to determine clinic diastolic pres- 
sures. The% measurements, obtained with the subject seated 
after >I5 min of fest, were performed on 3 days, 1 week apart. 
The two lowest of three readings on each day were averaged 
and the average of the two lowest averages determined the 
clinic arterial pressures. Clinic arterial pressures were initially 
measured in both arms to exclude significant deviations of 
arterial pressures between the right and left arms. Later the 
right arm alone was used. 
An ambulatory 24-h pressure recording (Oxford Medilog 
ABP, Oxford Medical) or Suntech Accutracker II, Suntec 
Medical Instruments) was performed on a normal workday. 
Ambulufory 24-h pressures were defined as the mean of half- 
hourly recordings from 7 AM to 11 PM and hourty recordings 
from 12 PM to 6 AM. Ambulatory akytime pressures were defined 
as the mean of half-hourly recordings from 7 AM to 11 PM. 
Whereas all clinic arterial pressures were measured in the right 
arm, ambulatory arterial pressures were measured in the left 
arm except for a few cases in which the right arm was used. 
Oscillometric orterialpressures. Right brachial artery systolic 
and diastolic pressures were recorded with the oscillometric 
technique (Dinamap B46 SXF’, Criticon) every minute during 
the Doppler ultrasound study. The two measurements ob- 
tained immediately before the Doppler recordings were aver- 
aged and used for subsequent analysis. 
Erbmrdiiphy. All echocardiographic recordings and 
analyses were performed by the same investigator. An uhra- 
sound scanner (Vingmed CFM 750, Vingmed Sound, Horten, 
Norway) with a duplex probe (3%MHz imagin@5~MHz 
Doppler) was used. The study subjects rested >lO min before 
they were examined in a left lateral decubitus position. Re- 
cordings were performed in end-expiration. A specially de- 
signed computer software (Echodisp 4.0, Vingmed Sound) was 
used for analysis. Doppler, two-dimensional and M-mode 
echocardiograms were arm&d independently from each 
other and without knowledge of the arterial pressures, but the 
category of the subjects was known. Whereas two-dimensional 
and Doppier echocardiographic recordings of aortic flow were 
analyzed in all 80 subjects, M-mode echocardiographic record- 
ings were suitable for analysis in 73 subjects and Doppler 
recormngs of mitral and pulmonary venous flow in 75 and 72 
;subjects, respectively. 
Aortic mot pressure and flow. The aortic annulus flaw 
velocities were recorded by pulsed Doppler technique frqm the 
apical position with the sample volume positioned in the center 
of the outllow tract just at the annulus, obtaining an optimal 
flow velocity spectral profile and a distinct valve &sure signal. 
Data from at least three consecutive cardiac cycles were 
transferred, together with pulse and electrocardiographic 
(ECG) tracings, to the ‘computer for analysis. The maximal 
velocity (i.e., outer envelope of the Doppler spectrum) of at 
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least three aortic root Doppler flow-velocity curves were traced 
manually and averaged. The subclavian artery pulse tracings 
were obtained with a capillary damped funnel (Siemens-Elema 
AR, Sohta, Sweden) positioned over the right subclavian artery 
at its point of maximal impulse and connected to a strain gauge 
transducer (model 1204123, hex Medical Systems) and dis- 
played simultaneously with the Doppler velocity spectra of the 
aortic root flow on the monitor (12,13). Only pulse tracings 
with a consistent wave morphology, a sharp deflection in early 
systole and a minimal linear drift were used. The pulse tracing 
was calibrated with oscillometrically obtained systolic and 
diastolic pressures and the pulse transmission delay corrected 
by alignment of the pulse tracing incisura to the end-systole of 
the Doppler flow tracing. The calibrated subclavian pulse 
tracing closely matches the aortic root pressure (12-14). 
‘~m&ne&ina! e&cardiography. The aortic annulus di- 
ameter was measured in the parastemal long-axis view between 
the insertion points of the valve leaflets by use of the trailing to 
leading edge method. The left ventricular apical four-chamber, 
two-chamber, long-axis views and the parastemal short-axis view 
located at the tip of the papillary mu&s were transferred to a 
computer (Macintosh II series, Apple Computers) as scanhne 
data, that is without loss of ultrasound information, providing a 
frame mte of 47 frame$s with the standard angle and depth. This 
provides an excellent condition for reviewing cineloops at differ- 
ent speeds The endocardial surface in the apical four-chamber 
view and the endocardial and epicardial surfaces in the short-axis 
view were traced manuaUy on end-diastolic (the frame according 
to the R wave on the XG) and on end-systolic (the frame before 
opening of the mitral valve) frames according to the convention 
of Wyatt et al. (15) and Vuille and Weyman (16). The papillary 
ntwles were considered part of the lett ventricular cavity. The 
following variables were. determined: the left ventricular long axis 
(L) measured on end-diastolic (Led) and end-systolic apical 
four-chamber frames as the distance from the mitral annulus to 
the apes the apical part of the end-systolic long-axis (a), trun- 
cated at the level of the tips of the papillary muscles, the short-axis 
end-diastolic &ted) and end-systolic (Des) dieters, the short- 
axis end-diastolic (hed) and end-systolic (hes) wail thicknesses 
and the short-axis end-diastolic (Aled) and end-systolic epicar- 
dial and end-diastolic (A2ed) and end-systolic endocardial areas. 
M-made eehacardiography. M-mode echocardiograms of 
the left ventricle were obtained from the parastemal window, 
guided by two-dimensional echocardiography. Tracings from 
the level of the tip of the papillary muscles were transferred to 
the computer. It was required that the right and left endocar- 
dium of the septum and the endocardial and epicardial sur- 
faces of the posterior left ventricular wall be recorded contin- 
uously in at least three cardiac cycles. The end-diastolic left 
ventricular internal diameter (LVIW), the end-diastolic intra- 
ventricular septal thickness (IVY) and the end-diastolic pos- 
terior wall thicknesses (PWTd) were determined according to 
the Penn convention (17). 
Doppler ecbcardiiphy of mitral How and pulmonary 
Bow. Mitral and pulmonary flow velocities were recorded by 
pulsed Doppler technique, from the apical position, between 
the mitral leaflets and in the upper right pulmonary vein, 
respectively. Data from at least five consecutive cardiac cycles 
were transferred to the computer. The maximal velocity of at 
least three mitral and pulmonary venous Doppler flow velocity 
profiles was traced and averaged. From the mitral tlow velocity 
tracings, early mitral flow peak velocity and deceleration time 
and peak velocity and duration of the late flow were measured. 
The peak velocity and time-velocity integral during systolic and 
diastolic pulmonary venous flow and the maximal velocity, 
velocity integral and dtiration of the flow reversion during 
atria1 systole were measured. 
Analysis of data. Mean aortic pressure (MAP [mm Hg]) 
was determined as the pressure integral under the calibrated 
subclavian pressure tracing (12,13). Aortic end-systolic pres- 
sure (Pes [mm Hg]) was determined at the incisura of the 
calibrated pulse tracing. Instantaneous aortic flow (Q(t)[mls-‘I) 
was calculated as the product of the instantaneous Doppler aortic 
blood flow velocity and aortic annular cross-sectional area (18). 
Mean aortic flow (Q[mls-‘I) was calculated as the integral of the 
instantaneous aortic flow. Left ventricular total power 
(W,,[mWj) was calculated from instantaneous pressure [P(t)] 
and flow [Q(t)] (19) as follows: 
wIlot = f 
I 
T 
P(t)Q(t) dt, PI 
I, 
where ‘T is the duration of the cardiac cycle. Steady power 
(Ws,,, [mW]) was calculated from mean aortic pressure and 
flow: 
Wir,, = MAP x Q. PI 
Oscillatory power (Wm [mW]) was calculated as 
w,x = w,, - ii& 131 
Left ventricular end-diastolic (Ved) and end-systolic vol- 
umes (Ves) were calculated from two-dimensional echocardio- 
gram:. according to the following general formula (15,20): 
V=;XA>XL, [41 
where V is left ventricular volume, A, is the endocardial 
short-axis area, and L is the long-axis dimension in end- 
diastole and in end-systole, respectively. 
Left ventricular mass was calculated according to an ex- 
tended version of equation 4 (21-23): 
LVMzD = 1.05 x 
1 
i x A,ed x (Led + bed) - i X A.4 x Led 
I 
, [S] 
where LVM,, = leti ventricular mass by two-dimensional echo- 
cardiography, 1.05 is the density of the myocardium, Ated is the 
left ventricular epicardial short-axis area, Led is the long-axis 
diiensiin, hed is the mean wall thickness, and Axed is the 
endocardial short-axis area, ah in enddiastole. Relative wail 
thickness (RWT (%]) was cakxdated as 2tlO x hed/(Ded), where 
Ded is end-diastolic short-axis diameter. Sphericity index (%) was 
calculated as 100 X Ded/Led (24). Left ventricular mass was also 
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calculated from M-mode echocardiograms according to the fat- 
!owing formma (2.5): 
Table 2. Left Ventricular External Work 
--_ 
NOrmotemiVC 
Hypeneazive Groups 
GfOUP white cm1 Amhuiatoty p 
(n = 32) (n = 26) (n = 22) V&e 
Pressures (mm Hg) 
D5duomctric SP 108”12 137 2 19’ 140 f 11’ n.llrn1 
cJdl& DP 6127 1s 2 11’ 82 + 9.t O.a@l 
MAP 82 2 8 103 z 14 108+9* O.mOl 
Pes 922 10 117 f 17’ 122 t 10’ O.aBl 
LVOT (cm, 234 f 0.19 23 I 021 234 c 0.16 0.8 
Aortic VII (cm) 23 i 4 24 2 4 24 2 4 0.4 
Power (mW) 
Total 13601436 1.858 L SW 1.974 f 377’ 0.0031 
steady 1,147 + 351 1570 + 498’ 1.677 f 319’ O.mOl 
Osciilato~ 213 I 107 2U888I100’ -%zbrBl’ 0.004 
‘p < 0.M versus normotensive group. ip < 0.M versus white cxxt hypw 
ten& group. Data presented are mear value k SD. LVOT = sonic annulas 
diameter; MAP = mean aortic pressure; VII = Doppler ~&city--time integral; 
other abbreviations as in Table 1. 
LWht.rrodr = l.O4{(LVIDd t IVSd + PWTd)” - LWDd3} 
- 13.6, 161 
where LVM,.,, = left ventricular mass by M-mode echo- 
cardiography. 
Heart rate was determined from ECG recordings during 
the echocardiographic investigation. Left ventricular ejection 
time (LVET [ms]) was determined from the beginning of 
blood flow to the valve closure click on the aortic Doppler 
velocity trace and rate corrected (LVETc [ms]) by diidmg with 
the square root of cardiac cycle length. Left ventricular stroke 
volume (SV) was calculated as Ved - Ves, where Ved and Ves = 
left ventricular volumes in enddiastole and end-systole, respec- 
tively. Left ventricular ejection fraction (EF [?%I) was calculated 
as 1tXI X SViVed. Left ventricular fractional shortening (FS (961) 
was caiculated as 100 X (Ded -- Des)/Ded, where Des = the 
short-axis end-systolic diameter. I& ventricular velocity of cir- 
cumferential fiber shortening was calculated as 10 X FYLVET. 
Rate-corrected velocity of circumferential fiber shortening was 
calculated as 10 X FS/LVETc (26,27), Left ventricular meridional 
(q,, [kdyncm-z]) and circumferential (q [kdynctr-‘1) end- 
systolic wag stresses were calculate respectively, as (2829): 
a, = 1.33 Pes ----__ c71 
Des 8a’ - Des’ 
0, = 1.33PesfiG X -*I--. 
4a- t hesDes 181 
Indexed variables were obtained by dividing with the re- 
spective body surface area calculated according to the method 
of Du Bois and Du Bois (30). 
Statistical analysis. Statistical analysis was carried out by 
using StatView 4.1 software (Aiiacus Concepts). Continuous 
variables are expressed as mean value t SD. Comparisons 
between groups were performed with one-way analysis of vari- 
ance. Frequencies were analyzed by Km&al-Wallis test. When 
the overall comparison of groups in the analysis of variance 
indinted significant difTerences (p < 0.05), post hoc comparisons 
were petiolmed with the Scheff6 test. Relations between variables 
were ,tested with Pearsons coe&+nt of correlation. The coeffi- 
cient of variation (%) was calculated as the standard deviation of 
the differences diided by the mean of the initial values. The 95% 
limits of agreement were c&t&ted as the mean di#erence 2 the 
standard deviarion of the differences X 2 (31). 
Repnniudhilii. Intrcobserver reproducibility was assessed 
by compaing measurements in 16 normotensive adults on two 
occasions. 2 weeks apart. Interexaminer and interanatyxer 
reproducibility of the noninvasive method have been reported 
previously (12). 
Results 
In the white coat group the clinic systolic and diastolic 
pressures and the oscillometric systolic pressure were signiti- 
candy higher than the respective ambulatory daytime pres- 
sures. These findings indicate that these subjects had a pres- 
sure response during measurements of arterial pressures by a 
nurse and during the echocardiographic examination (Tables 1 
and 2). Additional support for a pressure response during 
echocardiography was provided by the increased left ventricu- 
lar external work in this group (Table 2). 
Lefi ventricular systolicfinction evaluated Lv stroke volume, 
ejection fraction and fmctionaj shorteoing did not dither sign&- 
Tabie 3. Left Ventricular Systolic Function 
N- Hypenh Groups 
(n???) 
wbitecaat Atnlamy p 
(1, = 26) (n = 22) Vaiw 
awl (tnhn-*) a%= 17 (Ur IS 91 f 16 0.2 
E!m (ml-a-‘) 35 f 8 3229 33r9 0.4 
stroke iada (ml-m-*) 502 13 51 2 13 58 f 14 O.Ol 
Ejeaimm(4) 5927 6119 64r9 0.1 
FmaioaaJ sbrteaiq (%) 27 2 6 2827 31 i 11 0.08 
Heart rate (butstinl 6428 69 f 12 6816 0.1 
LVET (na) 310 2 20 3% 2 24 ,x3 z 21 9.06 
LVETC (IS) 320+2o 327 2 23 315217 0.16 
Vd (Eircs-‘) 0.87 + 0.19 0.93 2 021 1.06 + 02 0.01 
Vdc (cinx-‘) 08.5 2 0.18 OK3 i 0.19 0.99 2 024’ C.&S 
wes(kdyTKn-3 65 + 10 l8Z23’ 69?2il O.G? 
aces@dylQI-l1 IS?21 165 t 47. x8+36 0009 
l p < 0.05 venas aorawteaske gtwp. tp < 0.05 vetsus white mat eyPer- 
teas&e group. Data presented we mean vahte ‘L SD. EDW and ESVI = 
enddiastolic aad cad-systolic volume ‘index, respectively; LVET aad 
LVEX = eject& time with a5d without rate correction. respe&e& Vcf aad 
Vdc = velocity of citwmfereatial fiiw shotteaiag &It aad witbout rate 
oo~~~mc5=cireomfenntialwaUSuBS;omeS=~dtauaF 
walisttcm. 
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Table 4. Lefl Ventricular Dimensions Table 6. Left Ventricular Filling Variables: Pulmonary Venous Flow 
Group White Coat Ambulatory p 
(n = 32) (n = 26) (n = 22) Value 
MI, 2DE @n-l) 102 f 20 106+21 126 ir 22*t o.ooo3 
DedI (mm-‘) 2.15 It 0.3s 2.73 -t 0.33 2.78 + 03 0.9 
IledI @mm-2) 0.53 + 0.07 0.56 _f 0.07 0.61 It 0.08 0.00% 
LedI @mm-*) 4.83 + 0.47 4.73 2 0.71 4.74 i 0.39 0.7 
Spkicity index (%) 57 2 7 58 k 8 59 ? 7 3.6 
RWI’ (%) 39 f 6 42 t 7 44 + 7* 0.05 
MI, M-mode (gm-I)$ 90 t 20 97 _f 25 121 t 24.t O.ooul 
*p < 0.~ versus nomotensive group. tp < 0.05 versus white oa: hyper- 
tensive group. $M-mode echocardiograms were analyzed in 29 subjects in the 
normotensive groop, 23 in the white coat hypertensive group, 21 in the 
ambulatory hypertensive group. Data presented arc mean value lr SD. DedI = 
enddiastolic short-axi. ioner diameter index; hedl = end-diastolic mean wall 
thickness index; Led1 = end-diastolic long-axis iode& MI. M-mode and MI, 
2DE = maas index determined hy M-mode and two-dimensional echocardiog- 
raphy, respectively. 
candy among study groups (Table 3). The velocity of circumfer- 
ential fiber shortening was significantly higher in the ambulatory 
hypertensive than in the normotensive group, but it did not differ 
significantly between the white coat and normotensive groups. 
However, end-systolic wall stress was significantly higher in the 
white coat than in the normotensive group. 
Left ventriadar mass was significantly higher in the ambu- 
latory hypertensive group than in the other two groups (Table 
4). Sphericity index did not differ among groups. 
The mitmlfiw pattern was not significantly different among 
groups (Table 5) except for a shortened deceleration time of 
early flow in the whit,: coat group and a high peak velocity of 
late flow in the ambulatory hypertensive group. The peak 
velocity of diastolic pulmonary venous flow was higher in the 
white coat than in the ambulatory hypertensive group (Table 
6), and the velocity-time integral of diastolic pulmonary venous 
flow was significantly lower in the ambulatory hypertensive 
than in the normotensive group. The peak velocity and the 
velocity-time integral of the flow reversion during atria1 systole 
were significantly h:gher in the white coat than in the normo- 
tensive group. Variables of flow reversion during atrial systole 
in the ambulatory hypertensive group were intermediate be- 
tween those in the other two groups. 
Table 5. Left Ventricular FilIiig Variables: Mitral Flow 
Normotensive 
Group 
(n = 31) 
Hypertensive Groups 
White Coat Ambulatory 
(II = 24) (n =20) p Value 
E (car-‘) 64 + 13 t&z 14 71 c 12 0.18 
Edec (ms) 201*3g 169 c 28’ 195 + 49 0.01 
A (cans-‘) St- 11 622 16 65 f 10: 0.03 
UA 1.19 + 0.27 1.16 ? 0.32 1.12 + 0.25 0.7 
A-d (ms) 122229 117 2 20 114+23 0.5 
‘p i 0.05 versus normotmive group. tp < 0.05 versus white coat hyper- 
tensive group. Data presented are mean value z! SD. A = late mitral flow peak 
velociy, Ad = late mitral flow duration; E = early mitral flow peak velwity; 
Eden = early mitral flow deceleration time. 
Normotensive 
Hypertensive Groups 
G10llp White Coal Ambulatoly p 
(ll = 30) (II = 23) (n = 19) Value 
s (cnw’) 51 ?ll 59 + 14 52 L? 9 0.05 
S-vti (cm) 14 _t 4 I6 +_ 5 16 + 4 0.2 
D (ems ‘) 47 f I? 49110 402 lot 0.01 
s/D 1.17 k 0.41 1.22 2 0.29 I ..w + 0.34 0.3 
D-vti (cm) 11.2 2 3.2 9.7 i 2.8 8.3 k 2.5’ 0.W.l 
PVa (cow -1) 21 +s 28 I 6’ 2S 2 6 O.ooO1 
PVa-vti (cm) 1.79 f Il.58 2.58 ? 0.94’ 2.04 2 0.92 o.uo3 
PVa-d (ms) 101 It. 26 117 + 32 IN+34 0.08 
‘p i 0.05 versus normotensive group. tp < 0.05 versus white coat hyper- 
tensive group. Data presented are mean value 5 SD. D = peak velocity of 
diastolic pulmowy venous flow; D-vti = velocity&me integral of diastolic 
pulmonary venous flow: PVa = peak velocity of the Row reversion during atrial 
bystole: PVa-d = duration of the flow reversion during atrial systole; PVa-vti = 
velocity-time integral of the flow reversion during atrial systole: S = peak velocity 
of systolic pulmonary venom flow; S-MI = velocity-time integral of systolic 
pulmonary venous flow. 
Left vertriculurfilling variables were not significantly associ- 
ated with left ventricular mass, velocity of fiber shortening and 
ambulatory daytime systolic pressure. The peak velocity of flow 
reversion during atrial systole correlated with heart rate (r = 
0.34, p < 0.01) and the peak velocity of diastolic pulmonary 
venous flow correlated with ambulatory daytime diastolic 
pressure (r = 0.53, p < 0.01). Several variables of left 
ventricular filling were significantly related to arterial pressures 
recorded during the echocardiographic examination (oscillo- 
metric arterial pressures); however, although these correla- 
tions were pronounced in the white coat group and to some 
degree significant in the normotensive group, they were not 
significant in the ambulatory hypertensive group (Table 7). 
Reproducibility. The coefficient of variability and the 95% 
limits of agreement for the following variables comprise vari- 
ability due to recording analysis as well as biologic variability: 
Table 7. Matrix of Correlation Coefficients (r) Between 
Oscillometric Arterial Pressures and Variables of Left Ventricular 
Filling in Subjects With White Coat Hypertension 
osc SP Osc DP 
(d (I) 
E (cm*-‘) 0.06 -0.31 
E-dec (ms) 0.31 0.04 
A (COY-‘) 0.671- 0.43’ 
WA -0.72t -0.79t 
Ad (ms) 0.21 0.18 
s (co-&‘) 0.40‘ lJ.45* 
S-vti (cm) 0.33 0.39 
D (cow’) -0.29 -0.49’ 
SD 0.51t 0.68t 
D-vti (cm) -053t -0.71t 
PVa (cms-‘) 0.40 0.4s 
PVa-vti (cm) 0.13 0.31 
PVad (ma) -0.37 -033 
‘p < 0.05. ip < 0.01. Oat DP and Osc SP = oscillometric diastolii and 
ydic arterial pressure, respecIive~ other abbreviations as in Tables 5 sod 6. 
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oscillometric systolic pressure (6; 5 2 14 [coefficient of varia- 
tion; 95 limits of agreement]), oscillometric diastolic pressure 
(7; 3 ? 9), Doppler velocity-time integral of aortic root flow 
(10; 0.6 t 5), aortic annulus diameter (2.5; 0.02 t 0.1). left 
ventricular total power (17%; 170 f 480), steady power (17%, 
128 j: 393), oscillatory power (24%; 42 + 116), left ventricular 
end-diastolic long-axis (7%; -0.4 2 1.3), short-axis diameter 
(5%; 0.12 C 0.5), wall thickness (14%; 0.07 + 0.27). Left 
ventricular end-diastolicvolume (21%; 0.65 2 64), end-systolic 
volume (21%; -2.5 2 24), stroke volume (16%; 4 5 29) 
ejection fraction (8%; 3 2 10) and left ventricular mass 
(18%; 15 2 63) all determined according to the cylinder- 
hemiellipsoid formula (Fxnntlas 4 and 5). 
Discussion 
A definition of white coat hypertension that assumes a 
completely normal cardiovascular status during everyday life 
may implicate a lower ambulatoty blood pressure cutoff point 
than that used in this study (10). However, because there is no 
general agreement on the definition of white coat hyperten- 
sion, we used procedures current in this hospital to select 
subjects with white coat hypertension, even though this defi- 
nition may include subjects with mild hypertension. 
Our subjects with hypertension in the general practitioner’s 
office but “normal” ambulatory daytime pressures had an 
arterial pressure increase during the measurement of arterial 
pressures by a nurse and during the echocardiographic exam- 
ination. The pressure response during echocardiography was 
associated with increased left ventricular external work and left 
ventricular wall stress and alterations of left ventricular filling; 
however, left ventricular stroke volume, ejection fraction and 
velocity of circumferential fiber shortening were not different 
from values in a normotensive and an ambulatory hypertensive 
control group. 
Left ventricular systolic function, whose final goal is the 
delivery of cardiac output, is determined by myocardial con- 
tractility. afterload, preload and heart rate (32). Variables lie 
ejection fraction and velocity of circumferential fiber shorten- 
ing, commonly used to evaluate left ventricular systolic func- 
tion, are influenced by several of these determinants. When the 
aim is to evaluate myocardial contractility specifically, it has 
been recommended tL at these variables be related to end- 
systolic wall stress (33). Analyzed in this way, subjects with 
borderline and mild hypertension may’have supernormal myo- 
cardial contractility (34,35). However, a thorough theoretic 
analysis of left ventricular mechanics showed that these results 
may be erroneous because left ventricular wall thiikness differs 
between hypertensive and normotensive subjects (36-38). It 
bar therefore been recommended that midwall instead, of 
endocardial mechanics be used in such analyses. With this 
approach it was shown that subjects with apparently increased 
myocardial contractility ha? normal or depressed contractility, 
a finding more in accordance with results from studies on 
isolated myoflbers from hypertmphii ventricles (39). This 
observation may have amsequences for the interpretation of 
systdic function in the subjects with ambulatory hypertension 
in the present study, who had increased left ventricular wall 
thickness. However. because left ventricular mass and waii 
thickness in the white coat hypertensive group were not 
significantly digerent from values in the normotensive group, 
increased left ventricular mechanics in this group may be 
interpreted as an expression of increased myocardial’contrac- 
tility. The most plausible explanation for this increased myo- 
cardial contractility is neuroendocrine stimulation to support 
the delivery of an adequate stroke volume against an increased 
external work load. It may also be important that the subjects 
with white coat hypertension had evidence of increased left 
ventricular end-diastolic pressure, as discussed later. However. 
their normal left ventricular end-diastolic volume indicates 
that the Frank-Starling principle was not an important regu- 
lating mechanism in this situation (40,41). 
Previous studies (42) have obtained different results regard- 
ing factors related to alterations of left ventricular filling. The 
present study does not support the view that heart rate, 
ambulatory arterial pressures, left ventricular mass and veloc- 
ity of circumferential fiber shortening are important in this 
regard. Arterial pressures recorded during echocardiography 
were correlated with the ratio of systolic to diastolic pulmonary 
venous flow peak velocities and inversely related to the ratio of 
early to late mitral flow peak velocities; however, these corre- 
lations were pronounced in the white coat hypertensive group, 
but were not significant in the ambulatory hypertensive group. 
These findings are in accordance with previous studies in which 
similar changes of filling patterns were observed after an acute 
increase in left ventricular afterload (43,44) and may be due to 
a slowing of myocardial relaxation (45.46). 
The increased pulmonary venous flow reversal in the white 
coat group could be an indiition of decreased ventricuku 
compliance (43,44,47). However, because late mitral tlow veloci- 
ties also increased in these subjects the tindings might indicate 
increased atrial emptying during atrial systole. Increased left atria) 
pressure generation during attial contraction due to neuroendo- 
crine activation may have conmbuted to this change. but in- 
creased atrial p&ad due to mdistriition of blood volume from 
early to late diastole may have played an additional role. 
Methadnhrgic enualderationr All variables representing 
pressure-flow relations in this study were calculated by use of 
arterial pressures measured during the echocatdiphic ex- 
amination with the oscillometric technique. These prersures 
tended to be lower than the respective clinic arterial pressures 
because the former were measured with the subject in the left 
lateral decubitus position and the la&r with the subject in the 
sitting position. Because all subjects were examined in the 
same position, we did not correct for the hydrostatic effect 
betwetn cuff and aortic root. 
Clinical imphcMons nud cnociuaiozrs This study empha- 
sizes the potential confounding effect of the white coat arterial 
pressure response in studies on heart disease. It may ako 
indicate the potential adverse effects of an acute elevation of 
arterial pressure in subjects with coronary heart disease. We 
believetbatthearrerinlpremurerespnmeinsubjectswith 
white coat hypertension is associated with increased left ven- 
hkular external WC& increased end-systoUc wall slless, in- 
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creased myocardial contractility and alterations of left ventric- 
ular filling. 
23. Schiller NB. Two-dimensional echocardiographic determ;nation of left ven- 
tricolar vohlme, systolic function. and mass. Circulation 1991;84 Suppl 
1:1-280-7. 
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